of Flint (1986) from San Bartolo; of MacFarlane (1989) Doe and Zartman (1979) Bartolo, and one analysis from Raul which correspond to copper sulfides, all other plotted points are of galena analyses. Information on pre-Andean stratabound ore deposits is available only from Aguilar (Brown 1962) and from Helvecia (Brodtkorb and Brodtkorb 1982) and will not be considered further.
Lead Isotopic Composition and Geotectonic Setting
The classification of the stratabound ore deposits based on their geotectonic and paleogeographic position summarized in Table 1 is remarkably coherent with the lead isotopic ratios represented in Fig. 2 . The lead isotopic data correlate closely with the geotectonic position of the correspondent ore deposit. There is a consis- Gunnesch and Baumann (1990) . Errors according to the calculation suggested by Brevart et al. (1981) 
tent trend towards more radiogenic Ph-isotopic ratios from west to east, i.e., from ore deposits located near the magmatic arc to ore deposits in carbonate platforms attached to the foreland. This is particularly clear for 206 Pb/ 204 Pb ratios but it is also recognized for the 207 Pb/ 204 Pb and 208 Pb/ 204 Pb ratios. The trend does not depend on the age of the ore deposits which, with the exception of San Bartolo, comprises a relatively narrow age span of about 100 million years (Liassic-Albian). The following groups which, in general terms, become progressively more radiogenic moving from the magmatic arc to basins at the continent edge can be distinguished (Fig. 2) .
Magmatic Arc-Back-Arc (Stages lib, //d).
The ore deposits of northern Chile in Lower Cretaceous rocks in intra-arc position (stage lib, Caleta Coloso, and Thlcuna) and in the back-arc Atacama basin (stage lid, El Plomo, Thiunfo-Carola, Maria Cristina, Jaula y Las Canas) plot in a distinct field which represents the least radiogenic ratios of all stratabound ore deposits of the Central Andes. All values plot in a noteworthy tight cluster except for a few analyses from Caleta Coloso. The homogeneity of the lead isotopic ratios of these deposits, which occur over a north-south distance of about 600 km, should be emphasized.
Marginal Basin (Stage 1/c). Lead isotopic ratios from ore deposits in the Lower
Cretaceous aborted marginal basin of central Peru (stage lie, Los leas, Raul, Leonila-Graciela) show more spread and their 206 Pb/ 204 Pb ratios are distinctly more radiogenic than those in the Chilean intra-arc and back-arc basins. Two subfields are recognized. The ratios of the copper deposits of Raul-Condestable and of Los leas are less radiogenic than those of the Zn-Ba deposit of LeonilaGraciela. There is good agreement between the data of Gunnesch and Baumann (1986) and those of Mukasa (1984) for the respective ore deposits. The only value available of El Soldado plots also in this field. It can be seen that the lead isotope data are coherent with the geotectonic position of the host rock. The metallogenetic stages presented before correspond to clear fields of lead isotopic ratios. The first conclusion which can be drawn from Metal Sources in Stratabound Ore Deposits in the Andes (Andean Cycle) 765 these results is that the lead isotopic composition varies according to different lead sources and does not depend on the age of formation of the ore deposits. This is illustrated, for example, by the San Vicente data (stage Ic), which are much more radiogenic than younger deposits in stages II and III, and also by comparing the available lead isotopic ratios of ore deposits in central Peru of stages lie and lie. Although all these latter deposits are hosted by Lower Cretaceous rocks, the lead isotopic ratios are different, depending on their geotectonic position.
Shalipayco (Stage

Discussion
Potential Metal Sources
In Fig. 3 the reviewed data are compared with the modern fields for lead isotopic ratios of MORB, primitive and mature arc, upper crust, lower crust, and pelagic sediments. These fields cover a wide isotopic range: between compositions for upper crust and compositions of primitive island arc environments. Possible sources for the lead in Andean ore deposits and magmatic rocks have been discussed by McNutt et al. (1979}, James (1981}, Tilton et al. (1981}, Barreiro (1984}, Sillitoe and Hart (1984}, Puig (1988 , and Gunnesch (1986) . The main theoretical sources are the reservoirs proposed by Zartman and Doe ( 1981 ) : ( 1) mantle reservoir, (2) upper old crust, (3) lower old crust, and (4) orogene reservoir (Fig. 4) ; in addition Sillitoe (1972) suggested that (5) subducted pelagic sediments could also contribute as a significant lead source.
Metal Sources in the Different Geotectonic Positions
In the case of the stratabound ore deposits reviewed here, a reasonable hypothesis is based on the mixing of the following three "end members":
1. "Mantle" component represented mainly by the basic to intermediate magmatic arc in stage II. The homogeneity of the values observed in the Chilean ore deposits in arc and back-arc position can only be explained by a common reservoir. Whether the slightly more radiogenic values of these deposits relative to MORB is a function of enriched mantle source (Mukasa and Tilton 1985}, or to mixing with crustal components, is not relevant for the present discussion. The latter is more likely, as enriched mantle requires ocean island-type basalt -not feasible in this case. 2. "Orogene" component, i.e., recycled upper and lower continental crust, expressed by moderately radiogenic values of numerous deposits of stages Ia, lie, and III. 3. "Upper continental crust" component mainly expressed by the highly radiogenic 206 Pb/ 204 Pb ratios of San Vicente.
The fourth theoretical reservoir proposed by Zartman and Doe (1981}, i .e., lower continental crust, is not thought to play a significant role in the investigated ore deposit because the lack of clearly low radiogenic ratios. It should be men- . Main fields of stratabound ore deposits in the Central Andes compared to the modern field for mantle, upper crust, lower crust, orogene, and pelagic sediments according to Zartman and Doe (1981) . A mantle; B orogene; C upper crust; D lower crust tioned, however, that near Arequipa the influence of lower continental crust in rock leads has been traced (Mukasa and Tilton 1985) .
The predominance of one or the other reservoir determines the large-scale distribution pattern of the lead isotopic ratios shown in Fig. 2 which largely correlates with the geotectonic position of the ore deposit or district. Considering the results more in detail, the mixed character of the lead isotope composition is clearly demonstrated in several districts (e.g., Cercapuquio, Shalipayco, San Vicente). The lead isotopic data show comparatively larger scatter of the 207 Pb/ 204 Pb values with respect to smaller variations in the 206 Pb/ 204 Pb ratios (Fig. 2) . The resulting narrow steep fields can be interpreted by mixing between components with different 1.1 values. In some cases the available host rock data make it possible to discuss which local sources are involved. This discussion is be- yond the scope of the present paper and the reader is referred to more detailed publications (e.g., Gunnesch and Baumann 1990, Puig 1988 ). In the following the major lead sources in the different metallogenetic stages will be discussed. For a better comprehension it will be begun with stage lL As mentioned above, stage II is characterized by the existence of a clear polarity from west to east between a subduction-related volcanic arc and a back-arc basin which is reflected by a consistent trend towards more radiogenic lead isotopic ratios moving from the magmatic arc to ore deposits on the platform at the edge of the continent. The ore deposits in the northern Chilean magmatic arc and back-arc (stages lib and lid) plot in a tight cluster which represents the least radiogenic ratios of all stratabound ore deposits in the Central Andes. They plot in the field of modern primitive volcanic arcs. Even the ore deposits originated without direct participation of volcanic processes such as, for instance, the small Mississippi Valleytype (MVT) Pb-Zn mine of Las Canas, show the same lead isotopic signature. It appears that the mainly basic volcanism at the magmatic arc is the predominant reservoir for these deposits.
The consistent trend observed in stage II in central Peru towards more radiogenic lead isotopic compositions in ore deposits close to the magmatic arc (west) to ore deposits in the foreland (east) is explained by the interaction of the two first components (Fig. 5) . In central Peru the Lower Cretaceous back-arc is developed as an aborted marginal basin (see Fontbote this Vol. b) . Spreading and subsidence have lead to a thinning of the continental crust. The fact that the two subfields of ore deposits in the central Peruvian marginal basin (stage lie) are slightly more radiogenic than those near the magmatic arc in northern Chile Megard (1987) (stages lib and lid) could be attributed to segmentation factors, i.e., to systematic differences in the crust and/or upper mantle along the orogene. However, the considerable spread in the 206 Pb/ 204 Pb ratios of the Peruvian deposits makes it more reasonable to assume that the spread and the relatively increased 206 Pb/ 204 Pb ratios are the result of different amounts of upper crustal contamination of MORB material. This hypothesis seems to be supported by the internal differences in this group, with clearly more radiogenic lead isotopic ratios in Leonila-Graciela, occurring in the eastern Casma facies, compared to Raul and Los leas, which are located to the west. The west to east lithologic polarity observed in the marginal basin, with progressively increasing amounts of sedimentary rocks towards the east, is consistent with these isotopic differences. Interesting is also the fact that the Zn-Pb deposit El Toqui, which occurs in a back-arc position in the Southern Andes, plots in the same field as the massive sulfides in the central Peruvian marginal basin. It appears that, despite a north-south distance of over 4000 km, a comparable geotectonic position results in similar lead isotope ratios, and probably in similar metal sources.
A mantle contribution at the magmatic arc is in accord with geochemical investigations on Mesozoic magmatic rocks in the Coastal Range in northern Chile (Berg and Breitkreuz 1983; Rogers and Hawkesworth 1989) , and in the volcanic rocks in the Peruvian aborted marginal basin (Atherthon et al. 1983 (Atherthon et al. , 1985 . Different degrees of crustal contamination are assumed.
The ore deposits at the eastern platform in central Peru (stage lie) show slightly more radiogenic lead isotopic ratios than the previous groups. It is interesting to note that both ore deposits related to volcanogenic processes (El Extrafio, Huanzahi), and those without direct volcanic influence (Cercapuquio) display similar isotopic ratios. The fact that the lead isotopic ratios become less radiogenic moving towards the west can be explained by the increasing influence of the mantle reservoir with respect to the oro gene reservoir in the marginal basin. A common feature of these deposits is that they are located in zones of thicker continental crust than the previous group and that none of the respective basinfill sequences were sourced by the Jurassic-Lower Cretaceous magmatic arc.
Finally, let us discuss the results from ore deposits in stage I, that is, deposits hosted by rocks of the Upper-Triassic Peruvian Pucara basin. As displayed in Table 1, the Pucara basin formed essentially before the beginning of the paired magmatic arc-back-arc basin which controlled the evolution of stage II. For this reason, a comparable west to east polarity is not present, and the distribution of metal sources responds to other schemes.
The volcanic-associated ore deposits in the western Pucara (stage Ia, Carahuacra, Huaripampa, stratiform part of Machcan) show lead isotopic ratios very similar to those of the eastern foreland platform of stage lie. The data indicate mainly a contribution of the orogene reservoir. Leaching of the Paleozoic basement is probably the main source (Gunnesch and Baumann 1990) .
The peculiar isotopic signature of the MVT deposit of Shalipayco (stage lib), which is much less radiogenic than the other ores of the Pucara Group, and plots in the same field as those of the Lower Cretaceous Peruvian aborted marginal basin, can be explained by its paleogeographic position.
The orebodies in Shalipayco occur at the base of the Pucara transgressive sequence, directly over a volcaniclastic conglomerate of the Mitu Group (Permian). The Permian Mitu volcanism has alkaline and peralkaline characteristics and is interpreted in relation to an aborted tardi-Hercynian rifting process (Noble et al. 1978; Kontak et al. 1985) . Leaching of Permian volcanic material could explain the lead isotopic signature of Shalipayco. This hypothesis is consistent with the analysis reported by Gunnesch (1986) of a Mitu group sample in the Atacocha district yielding similar ratios to those found in the ores of Shalipayco. Additional data would be necessary to confirm this lead source.
Mixing of "mantle" and "orogene" end members can explain the main distribution patterns of the lead isotope ratios of all stratabound ore deposits in the Central Andes except those of the San Vicente belt (stage Ic) which are characterized by highly radiogenic values. These compositions can be compared to the Jlead range of the Mississippi Valley district, which are characterized by negative or "future" model ages. This behavior is typical of upper crustal leads in cratonic regions and of many Mississippi Valley-type ore deposits sourced from such environments (Doe and Zartman 1979) . The highly radiogenic values in San Vicente are related to a third end member which represents an "extra-Andean" factor. This factor corresponds to the role played by weathering and erosion of ancient upper crust of the Brazilian Shield, and/or leaching of detrital sediments derived from it. This is consistent with the paleogeographic position of San Vicente at the western margin of the Brazilian Shield, and explains the different metal source of the belt in the eastern Pucara with respect to the other Andean stratabound ore deposits.
In summary, in Pucara-hosted deposits contributions of three main reservoirs must be considered: (1) orogene reservoir (stage Ia, Carahuacra-Huaripampa, Machcan), (2) leaching of volcanic material related to a Permian rifting (stage lb, Shalipayco ), and (3) leaching of old upper crust of the Brazilian Shield (stage Ic, San Vicente).
General Aspects
It is remarkable that the data of ore deposits in stages Ia, lie (and the only one analyzed of lllb ), as well as numerous nonstratabound ore deposits, plot very closely. This requires a homogeneous source in parts of the Central Andes lasting from Liassic to Cenozoic times. This source matches the theoretical "orogene" reservoir (Zartman and Doe 1981) calculated on the basis of recycling and mixing of upper and lower continental crust.
Subducted Pacific pelagic sediments are not considered here as a significant lead source. The lead isotopic composition of metalliferous pelagic sediments on the Nazca Plate show lead isotopic ratios very similar to those of numerous Andean ore deposits. This fact was used to support the hypothesis of deriving metals from subducted pelagic sediments (Silltoe 1972; Sillitoe and Hart 1984) . However, as seen in Fig. 3 , the field of pelagic sediments coincides with the "orogene" reservoir. This is, as also observed by Sillitoe and Hart (1984) , because the lead of pelagic sediments and manganese nodules is derived mainly from continental crust. Therefore, actually, there is no need to invoke subducted metalliferous sediments as a significative metal source. The hypothesis of deriving a substantial part of the metals required for the Andean hydrothermal ore deposits from metalliferous sediments on the Nazca Plate during subduction has been rejected by several authors (Burnham 1981; Tilton et al. 1981 ; see also discussion in Field and Dasch 1981) , and a mixing model with significant contribution of sialic crust is favored. The lead isotope data on stratabound ore deposits reviewed here gives more evidence to rule out mobilization of subducted pelagic sediments as a potential lead source. All results indicate that the lead isotope composition of the considered deposits responds to large-scale distribution patterns consistent with the geotectonic position of the host rocks. Thus, ore deposits associated with volcanic activity and those formed by other processes such as diagenetic cementation in the same geotectonic environment often display similar isotopic compositions. It is very improbable that discrete lead reservoirs could determine such regional patterns. And, last but not least, the ore deposits linked to the subduction-related magmatic arc show a distinctly less radiogenic lead isotopic composition than pelagic sediments (Fig. 3) .
A last point should be underlined. Tilton et al. (1981, p. 811) , in their review of the lead isotopic composition of hydrothermal ore deposits in two transects in the Central Andes, note that "one of the most remarkable features of the Pb data is the similarity in isotope patterns from each of the study areas in spite of their greatly differing tectonic setting?' The present discussion shows definitely that in the case of the stratabound ore deposits a clear correlation exists between lead isotopic composition and geotectonic position and nature of the host rocks.
Conclusion
The lead isotopic investigations on stratabound ore deposits in the Andes indicate clearly that mixing of different sources was involved relative to the geotectonic position. The observed lead isotopic ratios are consistent with a model based on the different degree of mixing of three "end members". They are a mantle component (ore deposits of stage II located near the magmatic arc), an "orogene" component (mainly represented in deposits in the platform basin in stage lie but also in intramontane basins of stage lila, and in stage Ia), and old upper continental crust (in deposits of stage lc in the carbonate platform at the margin of the Brazilian Shield). The participation of subducted pelagic sediments is not necessary to explain the lead isotope ratios in the investigated stratabound ore deposits. These isotopic results are coherent with tectonic, paleogeographic, and paragenetic evidence, which indicates that ore genesis is directly related to immediate geologic environment. The latter may or may not be, in turn, a result of the subduction process.
Note added to proof. Ore lead isotope ratios from additional Andean stratabound ore deposits (Buena Esperanza, Carolina de Michilla, Cifuncho, El Jardin, Mantos Blancos, Mantos de Catemu, Punta del Cobre, Santo Domingo) are given in Fontbote et al. (1990) .
